combine sensory information with respect to the environment, and an ability to drive appropriate motor responses to control body movements. Sensory information for postural control includes vision, vestibular sense, proprioceptive sense, muscle strength, and reaction time (Sturnieks, George, & Lord, 2008) . Acquiring deeper understanding of postural stability loss in cases of PD will be conducive to maintaining and enhancing the quality of life of PD patients.
A previous study that compared postural control in PD patients with healthy controls of the same age group reported that PD patients had lower postural control than the control group (Błaszczyk et al., 2007; Schmit et al., 2006) . Błaszczyk et al. (2007) assessed postural control in 55 PD patients in Hoehn & Yahr stages 1~3 and 55 healthy controls of the same age group in a bipedal stance with feet together and eyes open and closed, and found that the PD patient group showed significantly greater mediolateral sway and sway area. Horak et al. (2005) assessed specific directionalities in postural instability in PD patients, and found low postural control with higher instability in all directions compared to that in the control group. In a study that examined postural control in the presence of FOG and visual information in PD patients, Pelykh et al. (2015) reported that PD patients had lower postural control than did the controls, regardless of the presence of FOG.
The group with FOG had lower postural stability than the group without FOG when visual information was blocked. As previously mentioned, PD patients tend to show a decline in postural control, but data pertaining 
METHODS

Participants
The study population consisted of 36 patients with Parkinson's disease and a Korean Mini-Mental Status Exam (K-MMSE) score of 24 or higher, who are outpatients at the neurology clinic at D University hospital without orthopedic, neurologic, or neurophysiologic histories affecting static postural control. We assessed the presence of FOG based on the New Freezing of Gait Questionnaire (NFOGQ) under the guidance of a neurology specialist at D University Hospital. Based on the results, 17 patients were assigned to the freezer group and 19 patients were assigned to the nonfreezer group. The Institutional Review Board at D University Hospital approved this study, and all participants provided informed consent (Table 1) .
The experiment was conducted over two days. On the first day, patients underwent body composition analysis and filled out the informed consent form, history questionnaire, K-MMSE for measurement of cognitive function (Kwon & Park, 1989; Lee & Ko, 2010) , NFOGQ for assessment of freezing of gait (Nieuwboer et al., 2009) , and the Unified Parkinson's Disease Rating Scale (UPDRS) for assessment of the severities of daily life disruptions and symptoms (Ahn, Ahn, & Park, 2009;  Movement Disorder Society Task Force on Rating Scales for Parkinson's Disease, 2003) . All patients were assessed with the Hoehn and Yahr
Stage (H & Y) scale (Goetz et al., 2004) , and underwent adaptation training for bipedal stance with feet together.
1) NFOGQ
The NFOGQ verifies presence of freezing of gait in patients. After showing the patient or guardian a simple video clip illustrating the FOG phenomenon, items are scored that measure the frequency and duration of freeze episodes, and verify the effects of FOG on daily lives.
A higher score indicates a higher FOG severity (Nieuwboer et al., 2009) .
2) UPDRS
The UPDRS examines the severities of PD symptoms and disruptions of daily life. The first section measures mentation, behavior, and mood. 
3) H & Y staging scale
The H & Y staging scale is a simple tool that determines the degree of PD progression. Stage 1 is defined as unilateral disease, 1.5 as unilateral and axial involvement, 2 as bilateral disease without impaired balance, 2.5 as mild bilateral disease with recovery on pull test, 3 as mild to moderate bilateral disease with postural instability and physical independence, 4 as severe disability but able to walk or stand unassisted, and 5 as wheelchair-bound or bedridden and unable to walk unless aided (Goetz et al., 2004) . The subjects' clinical characteristics are shown in Table 2 .
Measurements
We installed a ground reaction force system in the laboratory. With the ground reaction force plate located in the left posterior point with reference to the subject as the starting point, the subject's mediolateral direction was set as the X-axis, anteroposterior direction as the Y-axis, and vertical direction as the Z-axis (Figure 1 ).
The subjects wore span t-shirts and shorts, and were barefoot when performing the bipedal stance with feet together and eyes closed and eyes open. To ensure safety and prevent injuries, shock absorption pads were placed around the force plates, and a neurology specialist and nurse from D University Hospital and the investigator were on standby.
For the bipedal stance with feet together and eyes either closed or open, the subjects were instructed to step on the force plate and stand stably. At the cue, they were to straighten out their knees and stand with both big toes and heels as close as possible. They were instructed to look forward and maintain the posture with minimal sway as long as possible. The subjects were to rest when they could no longer sustain the posture.
Data processing
The (1)
(2) Area = πab total frequency of COP refers to the integral area derived from power spectral analysis; the spectral edge frequency 95 refers to the frequency in the 95% quantile of the power spectrum, and spectral edge frequency 50 refers to the frequency in the 50% quantile of the power spectrum (Youm, Park, & Seo, 2008) .
For nonlinear analysis, the maximal Lyapunov exponent (MLE) was calculated by reconstructing the phase space with delay time and embedding dimension for each data. MLE represents the degree of divergence of the time series trajectories in a phase space (Park, Son, & Kim, 2007; Grassberger & Procaccia, 1983) . The algorithm (Wolf et al., 1985) for the Lyapunov exponent is shown in Equation 4. (4) λ is the MLE, t is time interval, n is the number of time intervals, and d is the distance between two points (Park, Son, & Kim, 2007 
Statistical analysis
The collected data were processed with SPSS (version 21.0, SPSS Inc, Chicago, IL) for statistics. Means and standard deviations were calculated, and the Shapiro-Wilk test was performed to verify normality of all data.
To examine the main effects of visual information and groups (freezer and nonfreezer) as well as their interaction, two-way ANOVA was performed with repeated measures. An independent t test was used as a post hoc test to verify intergroup differences, and a paired sample t test was performed for post hoc verification of effects of visual information.
Level of statistical significance was set to 0.05. Table 5 shows the results of integration factors of COP trajectories.
RESULTS
The results of Mediolateral variables
The results of anteroposterior variables
The results of Integration variables
There was a main effect of visual information (F=32.491, p=.000) and interaction effect of visual information and group (F=4.238, p=.047) on mean velocity. In the post hoc test, both freezers (t=2.995, p=.009) and nonfreezers (t=5.017, p=.000) showed significantly higher velocities when visual information was blocked.
There was a main effect of group on area of 95% confidence ellipsis 
Effects of visual information
Our findings showed that both freezers and nonfreezers displayed significantly greater mediolateral and anteroposterior velocities of COP when visual information was blocked. In terms of COP integration factors, freezers and nonfreezers showed significantly higher mean velocity when visual information was blocked. Blocking visual information was therefore found to weaken postural control ability in patients with PD, regardless of the presence of FOG. Stergiou, 2009; Nudo, Milliken, Jenkins, & Merzenich, 1996; Merzenich & Jenkins, 1993) . Movement with optimal variability contributes to neuro-300 Jung Yee Kim, et al.
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Korean Journal of Sport Biomechanics plasticity, which is essential for avoiding abnormal mapping and maintaining or accomplishing functions (Harbourne & Stergiou, 2009 ). The structure of variability could be explained through a nonlinear analysis performed with various parameters. The Lyapunov exponent is one of the nonlinear analysis parameters that measures dynamic local stability, which quantifies the divergence and convergence of trajectories early in the time series phase space. Local stability refers to the sensitivity of the natural sway that occurs while maintaining posture (Abarbanel, Gills, Liu, & Roy, 1996; Donker, Roerdink, Greven, & Beek, 2007; Lee & Youm, 2015) . Pelykh et al. (2015) analyzed sample entropy, a nonlinear analysis method, in PD patients with FOG, PD patients without FOG, and healthy controls. Lower sample entropy values show higher regularity in movement, and higher sample entropy values show complexity. They found that PD groups had significantly lower sample entropy values than control groups during bipedal stance with feet together eyes closed
and with eyes open. Based on this finding, they suggested that PD patients' postural control reflects their rigidity and low adaptability, attesting to their heightened risk for fall injuries. In our study, there were no significant differences in the Lyapunov exponent between the two groups, but both groups had a Lyapunov exponent of less than 0.1. This is speculated to result from a deterioration of variability caused by the characteristic rigidity in PD, which could in turn lead to deficits in static postural control ability. These findings suggest that FOG and ability to control static posture are significantly associated, which could be used as the basis to formulate criteria for clinical severity and to develop an intervention program. Based on our findings, future studies should assess various dynamic stabilities pertaining to gait or turning.
CONCLUSION
In conclusion, patients with Parkinson's disease showed reduced static postural control ability when visual information was blocked, regardless of presence or absence of freezing of gait. Anteroposterior COP velocity, mediolateral COP velocity, and mean velocity have been found to verify the effects of blocking visual information. Furthermore, there were significant differences in anteroposterior COP range, mean anteroposterior position, and 95% confidence ellipsis area in accordance with the presence and absence of FOG, suggesting that these variables could be used to determine the presence or absence of freezing of gait.
